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Abstract 
The paper reports and discusses the results of the entrance examinations in mathematics at the Faculty of Informatics and 
Statistics at University of Economics in Prague. There was a significant change in test variants in mathematics in 2013. We shall 
study dependence of the results of entrance examinations on test variants. In addition, we shall compare the distributions of the 
number of points in the test in mathematics in 2013 and in the previous year. The obtained results will be used to design further 
changes in the test variants in mathematics in the coming years. 
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1. Introduction 
Most students of the Prague University of Economics have been accepted to study on the basis of tests in 
mathematics and language tests. The math tests are prepared by the Department of Mathematics of the Faculty of 
Informatics and Statistics. These tests are the multiple choice question tests – see e.g. Klufa (2012), Zhao (2006), 
Klufa (2013), Premadasa (1993), Klufa and Kaspříková (2012). The tests in mathematics have 10 questions for 5 
points and 5 questions for 10 points (100 points total). Questions are independent. Each question has 5 answers (one 
answer is correct), wrong answer is not penalized. The number of points in the test in mathematics can be  
0, 5, 10, 15, 20, 25, 30, 35, 40, 45, . . . ,90, 95, 100. 
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These tests are used to the three faculties of the Prague University of Economics (Faculty of Informatics and 
Statistics, Faculty of Finance and Accounting, Faculty of Business Administration ). Analysis of the entrance 
examinations in mathematics in 2013 at the Faculty of Informatics and Statistics at University of Economics in 
Prague is provided in this paper. 
The aim of this paper is to analyze the the entrance examinations in mathematics in 2013 (similar problems are 
solved in Brozova and Rydval (2013), Hruby (2013), Kaspříková (2012), Mosna (2013), Brozova, Rydval and 
Horakova (2014), Otavova and Sykorova (2014)) . We shall compare probability distributions of number of points in 
the test in mathematics in 2013 and in previous year. We shall study dependence of number of points in the test in 
mathematics on test variants. These results will be used to further improve of the preparation of test variants in the 
coming years. 
 
2.  Methods 
The analysed data are the results of 849 students in mathematics. Four test variants (denoted A6, A7, B2, B3) 
were used for the entrance examinations in mathematics at the Faculty of Informatics and Statistics in 2013. The 
analysed data sorted according to test variants are in Table 1 (contingency table).  
For study dependence of number of points in the test in mathematics on test variants we shall use 2F test  of 
independence in contingency table. Statistic 2F is 
 
        (1) 
 
where r is number of rows, s is the number of columns in contingency table and 
o
ijn  is the expected frequency in 
case of independence – see e.g. Anděl (1978). When 
                                                                              (2) 
where ))1)(1((2  srDF  is critical value of 2F distribution, hypothesis of indepence is rejected at  significance 
level, which is asymptoticaly equal to .D  
For comparison of test variants we shall use ANOVA and Scheffé‘s method. We shall verify the validity of the 
null hypothesis: mean number of points in test variants A6, A7, B2, B3 is the same. When (the test statistic F see 
e.g. Rao (1973)) 
        (3) 
where ),1( snsF D  is critical value of Fischer-Snedecor distribution with )1( s and )( sn  degrees of 
freedom (s = 4, number of variants), hypothesis is rejected at significance level .D  
 
3. Results and Discussion 
3.1. Dependence on the test variants 
Results of the entrance examinations in mathematics in 2013 are in Table 1 (for example 6 students with variant 
A6 obtained 10 points in test in mathematics, i.e. 6 is frequency  n31  in 3rd row and 1st column of the contingency 
table). 
Now we shall study dependence of number of points in the test in mathematics on test variants. We shall test null 
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hypothesis 
Ho: number of points in the test is not dependent on the test variant. 
We shall use 2F test of independence in contingency table – see e.g. Anděl (1978). In the first step we calculate 
according to (1) statistic 2F (for example n11=2 (see Tab.1) and expected frequency  n11o = 4 x 224/849 = 1.055). 
Because of the small expected frequencies, we combine first 3 rows of the contingency table. We have 
 89.63
2  F  
 
Tab. 1:  Distribution of number of points in test in mathematics (contingency table) 
Points in test 
Variants   
A6 A7 B2 B3 Sum 
0 2 1 0 1 4 
5 2 0 0 2 4 
10 6 3 1 6 16 
15 4 4 2 8 18 
20 9 7 7 7 30 
25 12 10 8 6 36 
30 18 10 8 11 47 
35 15 9 16 16 56 
40 22 17 21 10 70 
45 19 18 21 15 73 
50 17 13 22 19 71 
55 15 14 17 15 61 
60 17 14 12 15 58 
65 26 12 19 9 66 
70 9 9 11 13 42 
75 11 10 17 11 49 
80 7 12 13 10 42 
85 3 13 11 7 34 
90 5 7 10 5 27 
95 0 5 4 7 16 
100 5 11 7 6 29 
Sum 224 199 227 199 849 
 
 
Critical value of 2F distribution for 54 degrees of freedom and significance level 05.0 D  is .15.72)54(205.0  F  
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Since   
15.7289.632  F  
null hypothesis Ho is not rejected at approximately 5% significance level. Moreover p value is 0.168 (null 
hypothesis Ho is not rejected also at 16% significance level). For calculation we used MS Excel – see Marek (2013). 
We can say that the number of points in the test does not depend on the test variant.  
. 
3.2. Differences between the test variants 
Now we shall compare distributions of number of points in the test in mathematics in test variants A6, A7, B2 
and B3 (graphical comparison see Fig.1). 
 
 
 
Fig. 1: Distribution of number of points in test in mathematics in 2013 – test variants A6, A7, B2, B3 (histogram) 
 
We shall test null hypothesis 
Ho: P1 = P2 = P3 = P4,                                                                                            (4) 
 
where P1, P2, P3, P4 is mean number of points in test variants A6, A7, B2, B3, i.e. mean number of points in test 
variants A6, A7, B2, B3 is the same. 
To verify the validity of the hypothesis we use ANOVA. In the first step we verify assumption (the same 
variance of number of points in test variants A6, A7, B2, B3) of this method by Bartlett’s test. Test statistic B (see 
e.g. Anděl (1978)) is B =6.41. Critical value of 2F distribution for 3 degrees of freedom and significance level 
05.0 D  is .81.7)3(205.0  F  Since ,81.7B  assumption of ANOVA can be considered to have been met. 
 
Results of ANOVA we got with MS Excel – see Tab. 2 and Tab. 3. Since   
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,615.2858.5 ! F  
null hypothesis (4) is rejected at 5% significance level. There are some differences between the test variants (the 
differences between average number of points in test variants A6, A7, B2, B3 (see Tab. 3) are statistically 
significant). 
Tab. 2:  Results of ANOVA 
Source of  variability Sum of Squares Degrees of freedom Fraction F  P value F crit 
Test variants 8953,136 3 2984,379 5,857937449 0,000583659 2,615439 
Rezidual 430492,8 845 509,4589 
Sum 439445,9 848         
Tab. 3:  Distribution of number of points in test – test variants A6, A7, B2, B3 
 
 
Finally we shall study which pairs of averages differ significantly. We use Scheffé’s method – see e.g. Anděl 
(1978). Pairs of averages differ significantly if absolute value of difference in averages exceeds critical value (see 
Tab. 2 and Tab. 3) 
     (5) 
 
 
 
Tab. 4:  Scheffé‘s method 
Pair of test variants Absolute value of difference in 
averages Critical value (5) 
A6, A7 7.484* 6.159 
A6, B2 7.896* 5.954 
A6, B3 3.841 6.159 
A7, B2 0.412 6.140 
A7, B3 3.643 6.338 
B2, B3 4.055 6.140 
* Significant difference for D=0.05 
 
From Tab. 4 it is seen that a significant difference is at 5% significant level only between A6, A7 and A6, B2. All 
other pairs of averages are not significantly different. 
 
Frequency ni Sum Average number of points Variance 
A6 224 11015 49,17411 453,4628243 
A7 199 11275 56,65829 575,5190092 
B2 227 12955 57,07048 447,4640365 
B3 199 10550 53,01508 577,2270443 
615439,24589,5093)( 11 xxx
ji nn

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4. Conclusion 
The change in test variants in mathematics in 2013 at the Faculty of Informatics and Statistics at University of 
Economics in Prague has a positive effect on the distribution of number of points in test (e.g. the mode in 2012 is 
100 points, the mode in 2013 is 45 points) – see Fig. 2. 
From 2F  test of independence in contingency table it follows that the number of points in the test in mathematics 
does not depend on the new test variant. There are some small differences between the test variants but from the 
results of this paper we can say that significant changes in test variants in mathematics in the coming years are not 
needed. 
 
 
Fig. 2: Distribution of number of points in test in mathematics in 2012 and 2013 at the Faculty of Informatics and Statistics (histogram) 
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